Platanus acerifolia (Plataceae) is woody perennial tree, a native of Asia, Europe, and Eastern Mediterranean regions of the world. It is commonly cultivated and highly valued as an ornamental and medicinal tree.
Introduction
Platanus acerifolia (Plataceae family) is woody perennial tree, a native of Asia, Europe, and Eastern Mediterranean regions of the World (Baily, 1953) . The tree is commonly cultivated and highly valued as an ornamental and medicinal tree. It is wide spreading, longlived and 20-30 meters height. Its leaves can be 12-25 centimeters in length and width and is deciduous at autumn and winter seasons (Mamıkoğlu, 2007) .
The stems, leaves, buds, barks and blossoms of P. acerifolia are known as parts of extract (Monji et al. 2008) and isolated compounds (Tantry et al. 2012) . They can be directly or indirectly used medicinally for the treatment of different diseases and pathogens, such as dysentery, opthalmia, toothache, vulnerary (Chopra et al. 1956; Gunther 1959) , antimicrobial and antiseptic (Mitrokotsa et al. 1993; El-Alfy et al. 2008) , and anticancer (Mitrokotsa et al. 1999) . Furthermore, its leaves or leaves powder are used as biosorbent (Raol et al. 2010 ) to remove heavy metals from industrial wastewater, carbonized waste in adsorption processes (Stuart 2004; Mahvi et al. 2007; Sert et al. 2008) , to study uranium removal efficiency from aqueous solution (Nie et al. 2013) , to remove methylene blue dye (Peydayesh and Rahbar-Kelishami 2015) , to synthesize silver nanoparticles (Song and Kim 2009) . Platanus fruitderived porous carbon was also studied as electrochemical energy storage and adsorptive dye removal material (Wang et al, 2015) .
Several analytical techniques have been used effectively for solid state identification analysis of plant materials until today. Some of these are X-ray diffraction (XRD) (Wang et al. 2015) , Attenuated Total internal ReflectanceFourier Transform Infrared Spectroscopy (ATR-FTIR) (Baseri 2011) , and Scanning Electro Microscopy-EnegyDispersive X-ray Spectroscopy (SEM-EDX) (Wang et al. 2015) .
The aim of this study was to determine the bioactive constituents and molecular structure of P. acerifolia leaves, detection of the leaf molecular structure, crystalline phase, chemical compositions (organic or inorganic constituent), elemental index, morphology and microstructure by XRD, ATR-FTIR, and SEM-EDX analysis, respectively.
Materials And Methods

Specimen preparation from P. acerifolia leaves
P. acerifolia leaves used in this study were obtained from a number of trees at Gebze Technical University Campus, Kocaeli, Turkey during the autumn season (Figure 1a ., b.). All of the specimens were dried in air, washed with distilled water to remove dust and soluble impurities and stored at room temperatures before analysis. Each P. acerifolia leaf specimen was prepared according to the techniques required analysis. 
P. acerifolia leaves analysis
P. acerifolia leaves were analyzed by using X-ray diffraction (XRD), Attenuated Total Internal ReflectanceFourier Transform Infrared spectroscopy (ATR-FTIR), Scanning Electro Microscopy (SEM) and Energy-dispersive X-ray Spectroscopy (EDX).
From X-ray diffraction pattern, the chemical compositions and crystalline phase of the leaves were identified. All specimens of P. acerifolia leaves were prepared for XRD characterization of them. They were characterized by a Rigaku Dmax 2200 XRD diffractometer with CuKα radiation at 40 kV/40mA at λCu = 1,5418 Å. Each specimen was scanned from 10° to 70° in 2Ɵ with a step size of 0.02° and scanning rate of 1°min −1
. To determine the phases present, XRD peak positions were compared with the International Centre for Diffraction Data (ICDD) files.
ATR-FTIR was carried out to analyse the chemical organic and inorganic constituent of the leaves. Infrared spectra were collected with a Harrick Split-pea ATR microscope interfaced to a Perkin Elmer 2000 Fourier transform infrared spectrometer. Infrared spectra were obtained using a Perkin Elmer Spectrum One Fourier transform spectrometer with a smart endurance single bounce diamond ATR cell. Spectra collected using this device represent the average of 32 individual scans possessing a spectral resolution of 4 cm −1 . Spectra over the 4000-500 cm -1 range were analysed in % transmittance mode. The data were collected and processed by optical user software.
SEM analysis was used to investigate based on the morphology and microstructure of P. acerifolia leaf specimens. The leaf specimens were mounted on aluminium stubs using carbon tape and gold coated with a Polaron-SC7610 Sputter in vacuum before examination in the SEM. They were examinated by a Philips XL30 SFEG scanning electron microscope (SEM) at 15 kV. They were observed using scattered electron (SE) imaging, subsequently under magnifications up to 100X and 20X. Energy-dispersive X-ray spectroscopy (EDX) was used for the elemental analysis or chemical characterization of the leaf specimens.
Results
XRD Analysis
XRD analysis of P. acerifolia leaves were identified the leaf constituents by their diffraction patterns, which allow definite identification of unknown crystalline substances. XRD analysis used to study the chemical components and crystalline phase of the leaves showed peaks in the diffraction pattern, corresponding to the crystal phase (Standard ICDD # number). By means of X-ray diffraction (XRD), the leaves can be detected bioactive and biochemical constituents according to their molecular structure and chemical components into groups. In the diffraction pattern identified the whewellite (C 2 CaO 4 .H 2 O standard ICDD#020-0231), the Schertelite (Mg(NH 4 ) 2 H 2 (PO 4 ) 2 4H 2 O standard ICDD#016-0353), the Silicon Oxide (SiO 2 standard ICDD#029-0085), the Adenine Barbital (C 13 H 17 N 7 O 3 standard ICDD#025-1519), the Tri (2,6-dimethylbicyclo [3.3.1] nonane-exo-2, exo-6-diol)-ethylacet (C 37 H 68 O 8 standard ICDD#053-1784), the 2, 3:17, 4, 7, 10, 13, 16, 19, 22, 25, 28, 
ATR-FTIR Analysis
ATR-FTIR spectrum of P. acerifolia leaves were determined the characteristic peaks. The information obtained from the infrared spectral pattern of the leaf specimens were given and determined as twenty three peaks in Table 2 (Stuart 2004; Erdik 2007; Starlin et al. 2002; Baseri and Baker 2011; Konwar and Baruah 2011; Saxena and Saxena 2012) . ATR-FTIR spectrum analysis showed that the bands assignment of the leaf specimens were located at 569, 601, 669, 717, 779, 824, 873, 1030-1104, 1167, 1241, 1314, 1365, 1438, 1515, 1609-1644, 1729, 1979, 2036, 2162, 2850, 2918, 3330, 3697 cm -1 , respectively (Figure 3. ).
ATR-FTIR spectrum analysis of the leaf specimens determined that the present of ν 4, ν 3 and ν as (PO 4 -3 ) bands are due to the P-O stretching of inorganic molecules and lipids at 596, 601, 1030, 1167, 1438 and 824 cm -1 , that the ν as (PO 2 -) band is due to the P=O asymmetric stretching of RNA nucleic acid at 1241 cm -1
, that the ν 1 (HPO 4 -2 ) bands are due to the P-O-H stretching of inorganic molecules at 717 and 1241 cm -1 , that the ν s (P-H) band is due to the P-H symmetric stretching at 1979 cm 
SEM-EDX Analysis
The SEM-EDX micrographs and spectra of P. acerifolia leaves was showed in Figure 4 . Morphology and microstructure of opened or closed stomas, fiber of the leaf specimens were monitored. The results of their elemental composition using SEM-EDX technique was showed in Table 3 . SEM-EDX analysis showed the presence of carbon (C), nitrogen (N), oxygen (O), magnesium (Mg), silicon (Si), phosphor (P), chloride (Cl), potassium (K), calcium (Ca) in the leaf specimens. In all these elements, C and O were present as high concentration while Ca, N and Si were present as moderate amounts. But Mg, P, K and Cl were present only trace quantities. All these elements (C, N, O, Mg, Si, P, Cl, K, Ca) were estimated by determining the percentage weight (%) of elements in the leaf specimens (Table 3 ). 
Discussion
Generally P. acerifolia trees are used in ornament and medicine (Mamıkoğlu 2007) . Medicinal trees are known to contain minerals which play vital role as structural and functional components of protein and enzymes in the living cells. Each mineral plays a number of different functions in plant, human and animal body. The most important pathway of metals to transport into the body is from soil to plant and from plant to human and animal. Ca, Mg and Zn have been reported to be essential for human health which does not produce any toxicity to human beings (Kirmani et al. 2011; Thangarajan et al. 2012) . Since the minerals are essential part of proteins, the determination of minerals is important in the case of a disease (Ekinci et al. 2004) . Mineral elements usually form a small portion of total combination of total plant body weight and are treated as physiologically important particularly in the body metabolism (Hameed et al. 2008) . Mineral elements play both curative and preventive role in combating diseases.
In this study, analytical techniques were used to determine various biochemical activities of P. acerifolia leaves and estimate the presence of such biochemical constituents in the leaves. The SEM-EDX results showed that carbon, oxygen, calcium, silicon and nitrogen concentrations are high in the leaves when compared with other trace elements. Carbon can be formed and broken with a modest amount of energy, allowing for the dynamic organic chemistry that goes on in the body cells. Oxygen and hydrogen are practically impossible to imagine life without water. Nitrogen is found in many organic molecules, including the amino acids that form proteins, and the nucleic acids that form DNA. Protein plays a vital role in the physiology of living organisms. All the functions of an organism are regulated by enzymes and hormones, which are proteins. If any alteration takes place in the protein, it may have an adverse effect on the important and complex groups of biomaterials, comprising the nitrogenous constituents of the body (Baseri and Baker 2011) . Calcium is an essential and the most abundant element in the body (Bachheti et al. 2012) . It need to develop in the bone and teeth and regulate heart rhythm, helps in normal blood clotting, maintain proper nerve and muscle functions and lower blood pressure (Bibi et al. 2006) . Silicon need to prevent the hardening of the veins and arteries (Starlin et al. 2012 ).
The trees as medicinal plants (Saxena and Saxena 2012; Parekh and Chanda 2007; Sahaya et al. 2012 ) are the richest bioresource of drugs in medicine and scientists and nutritionists have been using plant extracts to protect the plant, human and animal against diseases or pathogens and also to improve their health and life-style. These elements are well established for their pharmacological action in the leaves. In different studies, it was revealed that Platanus species leaves contain flavonoids, pentacyclic triterpenoids, tannins and caffeic acid and they have many pharmacological activities such as cytotoxic, cytostatic, astringent, antimicrobial and antiseptic effects (Dimas et al. 2000; Mitrokotsa et al. 1993 Mitrokotsa et al. , 1999 İbrahim et al. 2009 ).
In this study, the choice of the analysis of leaves in this study can be expressed in terms of environmental impact, safety, costs, and availability because leaves as a natural waste in parks and on the road sides is available in abundance, easy to obtain and cheap. Zhang et al. (2001) were analysed by GC/MS for determination of bioactive components of waste leaves from Platanus×acerifolia (Ait.) Willd and results of the most abundant constituents from the main components of benzene-methanol extractive of freeze-dried waste leaves from Platanus×acerifolia (Ait.) Willd were 1,3-dioxane, ethylbenzene, p-xylene, 1,2-dimethyl-, indane, heptanal, 1-methyl-2-(4-nitrophenyl) benzimid, (11H) pyrido[3',2':4,5] imidazo [2,1-, 10-methylnonadecane, 1-ethyl-3-methyl-, 1-ethyl-3-methyl-, 1-ethyl-2-methyl-, 2,5-cyclohexadien-1-one, 2,5-dimethyl-, docosane, 7-butyl-, 1-amino-2-(hydroxymethyl) anthraqui, acetaldehyde-, etc. Determined similar compounds by XRD pattern and ATR-FTIR functional groups in our study supported results of the biochemical components of P. acerifolia leaf in study of Zhang et al. (2001) .
Conclusion
In this study, crystaline phase and biochemical compositions of P. acerifolia leaves were identified as whewellite (C 2 CaO 4 .H 2 O), schertelite (Mg(NH 4 ) 2 H 2 (PO 4 ) 2 4H 2 O), silicon oxide (SiO 2 ), amide (C 13 H 17 N 7 O 3 ) , ester (C 37 H 68 O 8 ), benzene (C 28 H 40 O 10 ) by using X-ray diffraction pattern. According to ATR-FTIR analysis results, characteristic peak values of the leaves were detected functional groups as (P-O), (C=O), (C-O), (P-O-H), (C-H), (N-H), (O-C=O), (Ca-C≡O), (N≡H), (C=H), (N=O), (Si-O-Si) were high at % transmittance mode when compared with other functional groups. SEM-EDX analysis showed that large amount present of carbon, nitrogen, oxygen, silicon, calcium in the leaves. Morphology and microstructure of opened or closed stomas, fiber of the leaves were monitored.
Analysis with analytical methods (ATR-FTIR, XRD, SEM-EDX) of leaf samples is a fast method to identify biostructural and biochemical contents. The presence of elements like carbon, calcium, magnesium, silicon, chloride, potassium, the functional groups, and the biochemical compositions are responsible for various medicinal properties of P. acerifolia. Likewise, nanoparticles obtained from the leaves by using developed plant extract process can be used as biomaterial, biosorbent and nanomedicine against various plant, human, and animal diseases or pathogens instead of artificial chemicals or synthetic substances.
